Sequence elements outside the hammerhead ribozyme catalytic core enable intracellular activity.
The hammerhead ribozyme (HHRz) is a small, naturally occurring ribozyme that site-specifically cleaves RNA and has long been considered a potentially useful tool for gene silencing. The minimal conserved HHRz motif derived from natural sequences consists of three helices that intersect at a highly conserved catalytic core of 11 nucleotides. The presence of this motif is sufficient to support cleavage at high Mg2+ concentrations, but not at the low Mg2+ concentrations characteristic of intracellular environments. Here we demonstrate that natural HHRzs require the presence of additional nonconserved sequence elements outside of the conserved catalytic core to enable intracellular activity. These elements may stabilize the HHRz in a catalytically active conformation via tertiary interactions. HHRzs stabilized by these interactions cleave efficiently at physiological Mg2+ concentrations and are functional in vivo. The proposed role of these tertiary interacting motifs is supported by mutational, functional, structural and molecular modeling analysis of natural HHRzs.